








Figure 8. Kerdok treadmill setup.

Barefoot vs. Shod

DeWit 2000

Subjects ran across a force platform planted under a running track both shod and barefoot at
three different speeds. Video data was collected for joint configuration and limb kinematics analysis. It
was found that barefoot running results in a larger external loading rate and flatter foot placement at
touchdown in barefoot running. There was a correlation (p<0.05) between a flatter foot placement and
lower peak heel pressures. Therefore, it is assumed by the authors that runners adopt a flatter foot
placement in barefoot running in order to limit the local pressure at the heel. Shorter step length and
greater step frequency were primarily due to changes in touchdown geometry. An overall increase in

leg stiffness during barefoot running was also observed. These adaptations carried through all three

20



running velocity conditions. However, there was no uniform adaptation strategy for runners regarding

rear foot kinematics.

Hanson 2011

The goal of this study was to determine whether barefoot or shod running is more efficient. In
order to determine this, subjects took a VO,max test in order to determine their peak velocity. After
this, subjects were made to run at 70% of this peak velocity for both treadmill and over ground
conditions (one barefoot and one shod for each). It was determined that in both the treadmill and over
ground conditions, barefoot running was more efficient. Before considering these results to be valid,

however, the following paragraph should be noted.

Divert 2008 was referenced, Hanson seems to have grossly misinterpreted the results or even
the point of that paper in saying that the “350 g weighted socks and the 350 g shoe showed significantly
higher VO 2 values than when the subjects were barefoot”. The point of Divert’s study was to
determine the mass effect on both shod and barefoot conditions, meaning the diving socks were meant
to represent barefoot running with additional mass. Furthermore, this study did not seem to control for
the model of footwear (since no shoe model was mentioned, | am assuming this meant they just let the

subjects run in whatever shoes they decided to wear that day).
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APPENDIX A

QUESTIONNAIRES AND COVER LETTERS
TO SUBJECTS IN THE RESEARCH STUDY
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Subject Screening Form
Biomechanics and Energetics of Cushioning During Running

Investigator: Rodger Kram, Integrative Physiology Dept.

Name (please print) :

Date of Birth: Day: Month Year Describe briefly your typical weekly
physical exercise. Indicate approximate duration frequency and intensity. For example: " [ run 5
miles, 3 times per week at 7 minute per mile." or "I walk to school every day, about a mile", or
"no regular exercise".

Do you run barefoot?

Please circle one: Yes No

If yes, please specify for how long you have run barefoot, and the percentage of your total
weekly mileage that is run barefoot:

Do you run in minimalist footwear, e.g. Vibram 5-finger shoes?

Please circle one: Yes No

If yes, please specify for how long you have run in minimalist footwear, and the percentage of
your total weekly mileage that is run with that footwear:
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To the best of your knowledge:

Are you in good general health?
Please circle one.

Yes No

If no, please specify any known problems:

Do you have any difficulty with walking, running or mobility in general?
Please circle: yes or  no

If yes, please specify:

Do you have any problem with balance or dizziness?
Please circle: yes or no

If yes, please specify:

Have you ever experienced a serious musculoskeletal injury of your legs, feet or back?
Please circle: yes or no

If yes, please briefly describe the nature of the injury and approximate date.
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Do you currently have lingering symptoms or pain related to that injury (injuries)?
Please circle: yes or no

If yes, please specify:

Have you ever experienced chest pain or shortness of breath with exertion?
Please circle: yes or no

If yes, please specify:

Do you have hypertension (high blood pressure)?
Please circle: yes or no

If yes, please specify:

Have you ever had a heart attack?
Please circle: yes or no

If yes, please specify:
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Is there a history of heart attacks in your family?
Please circle: yes or no

If yes, please specify:

Do you have dyslipidemia (high cholesterol)?
Please circle: yes or no

If yes, please specify:

Do you smoke cigarettes?
Please circle: yes or no

If yes, please specify:

Do you have diabetes or prediabetes (high blood sugars)?
Please circle: yes or no

If yes, please specify:

Please sign your name:

Today's Date:




Biomechanics and Energetics of Cushioning During Running
Principal Investigator: Rodger Kram, Ph.D.
PARTICIPANT INFORMED CONSENT FORM

Revised 1/04/2011

Please read the following material that explains this research study. Signing this form will

indicate that you have been informed about the study and that you want to participate. We want
you to understand what you are being asked to do and what risks and benefits—if any—are
associated with the study. This should help you decide whether or not you want to participate in

the study. You are being asked to take part in a research project conducted by Prof. Rodger Kram, a
faculty member in the University of Colorado at Boulder’s Department of Integrative Physiology, 354
UCB, Boulder, CO 803090354.

Prof. Kram can be reached at (303) 4927984.

Project Description:

The purpose of this research study is to measure the biomechanics and energy cost of cushioning
the lower limb during running. Biomechanics refers to the forces and motions involved in
activities like walking or running. We are studying normal, healthy, physically active people.

You are being asked to be in this study because you are a healthy person older than 18 years of
age. It is entirely your choice whether or not to participate in this study. Eventually, up to 40
people will be invited to participate in this research study.

Procedures:

If you agree to take part in this study, you will be asked to run at a comfortable speed under
several conditions. You will be asked to run normally both with and without shoes at a
submaximal speed on a standard treadmill and on a treadmill belt covered with a cushioned mat.
You will also be asked to run while wearing small weights attached to your feet. Each run will

last about 7 minutes and we will ask you to do 12 runs or less. You will rest for at least 3 minutes
between runs. You can have more rest time if you need it.

While you run, we will measure the rate at which you consume oxygen by analyzing the air that
you breathe out. This will involve wearing a mouthpiece and nose clip. We will record the
electrical activity of your muscles using electrodes placed on your skin (electromyography, or
EMG). To attach the electrodes, we will first shave your skin, if necessary, clean it with alcohol,
and rub a small area lightly with sandpaper. The electrodes are attached with an adhesive gel. We
will measure the forces that you exert on the ground, and we may attach small reflective balls to
your skin so that we can record your leg movements. We no longer use video tapes and only the
motions of the reflective markers are saved in the computer files. We will ask you your age and
measure your leg length and weight.

Participating should take no more than two hours of your time on up to two separate days. The
study will take place at the Locomotion Laboratory, Room 111C Clare Small Building at times
arranged to be convenient for you.

4/19/2011 - 4/18/2012

1 of 4 initials
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If you complete the study, you will be offered the opportunity to do a VO2max performance test.
If you want to do this test, it will be scheduled for a different day from the study procedures
described above. This test measures the maximum capacity of your body to transport and use
oxygen during intense exercise. You will run on a treadmill at your 10K pace for about two
minutes. The treadmill incline will be increased 1% each minute until you tell us that you cannot
run anymore or would like to stop the test. You do not have to do this test to be in the research
study. The results of this test will not be used for our research.

Risks and Discomforts:

There are some potential risks if you take part in this study. The potential risks associated with
this study are similar to those involved in recreational athletics or working out in a gym. None of
the procedures should cause discomfort. However, if you do experience any discomfort, you may
terminate the experiments at any time. Due to the adhesive, you may experience mild skin
irritation when we remove the electrodes. This possible irritation would be similar to that
experienced after removing a bandaid.

There is a risk of falling from the treadmill and injuring yourself. To minimize this risk, you will

be instructed in proper safety procedures before the treadmill is turned on. It is very important to
always grab the handrails when the treadmill is starting or stopping. You may feel some mild
muscle discomfort or fatigue in your legs for a few days after participating in this study.

If you decide to do a VO2max performance test after you have completed the main study, you
should know that the test also has risks. The test can cause fatigue and minor discomfort. About
1in 100 people will have an irregular heart beat during the VO2max test. About 4 in 10,000
people have chest pain or a heart attack and 1 in 10,000 people die during a VO2max test.
Benefits:

The benefits of being in this study are also similar to those gained from recreational athletics. For
example, you will get some modest exercise as part of being a subject. Otherwise, there are no
direct benefits to you from taking part in this study. Your participation in this study will help us
to discover basic information about how we walk and run which may be used to guide medical
treatment of others.

Source of Funding:

Funding for this study is being provided by an individual grant from the Undergraduate Research
Opportunities Program at the University of Colorado.

Cost to Participant:

There is no cost to you for participating in this study.

Subject Payment:

You will not be paid for participation in this study.

If You Are Injured or Harmed:

If you feel that you may have been harmed while participating in this study, you should inform
Prof. Kram at (303) 4927984

immediately. The cost for any treatment will be billed to you or

2 of 4 initials
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your medical or hospital insurance. The University of Colorado at Boulder has no funds set

aside for the payment of health care expenses for this study.

If you experience injury that requires medical attention, contact the investigator, Prof. Kram
(303) 4927984

and your personal physician immediately (if it is a medical emergency, first call

911).

Ending Your Participation:

You have the right to withdraw your consent or stop participating at any time. You have the right
to refuse to answer any question(s) or refuse to participate in any procedure for any reason.
Refusing to participate in this study will not result in any penalty or loss of benefits to which you
are otherwise entitled

Confidentiality:

We will make every effort to maintain the privacy of your data. Your individual privacy will be
maintained in all published and written data resulting from this study. You will be assigned a
random number/letter code and all data will be kept only according to that code. Prof. Kram will
keep the code that links to your name in a separate location from the data files. If individual data
are to be published, your data would only be referred to by the number/letter code. Data will be
kept in Prof. Kram’s locked office for 10 years following the end of the study.

Other than the research team, only regulatory agencies such as the Office of Human Research
Protections, the University of Colorado Institutional Review Board may see your individual data
as part of routine audits.

Questions?

If you have questions about this study, you should ask the investigator before you sign this
consent form. If you have questions or concerns during or after your participation, please contact
Prof. Rodger Kram at (303) 4927984.

If you have questions regarding your rights as a participant, any concerns regarding this project
or any dissatisfaction with any aspect of this study, you may report them confidentially,

if you

wish to

the Executive Secretary, Institutional Review Board, ARCE Room A15, 3100 Marine

St., University of Colorado at Boulder, Boulder, CO 803090563

or by telephone to (303) 7353702.

Authorization:

| have read this paper about the study or it was read to me. | know the possible risks and
benefits. | know that being in this study is voluntary. | choose to be in this study. | know that |
can withdraw at any time. | have received, on the date signed, a copy of this document
containing 4 pages.

3 of 4 initials
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Name of Participant (printed)

Signature of Participant

Date

(Also initial all previous pages of the consent form.

4 of 4 initials
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APPENDIX B

STATISTICAL ANALYSIS OUTPUT
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Statistical comparison of metabolic power across test conditions

1=0mm

2=10mm

3=20mm

4 = shod

Measure:MEASURE 1

Metabolic Power Pairwise Comparisons

Mean 95% Confidence Interval for

() () Difference (I-|  Std. Difference®
MetPwr  MetPwr J) Error Sig.? | Lower Bound | Upper Bound
1 2 246 .095 .027 .035 457
3 124 119 322 -.141 .388
4 -.119 122 .351 -.392 .153
2 1 -.246' .095 027 -.457 -.035
3 -.123 .075 134 -.290 .045
4 -.366° .091 .002 -.569 -.163
3 1 -.124 119 322 -.388 141
2 123 .075 134 -.045 290
4 -.243 115 .062 -.500 .014
4 1 119 122 .351 -.153 .392
2 366 .091 .002 .163 .569
3 243 115 .062 -.014 .500

Based on estimated marginal means

*. The mean difference is significant at the .05 level.

a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no

adjustments).
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Statistical comparison of stride frequencies and contact times across conditions.

Measure:MEASURE 1

Stride Frequency Pairwise Comparisons

95% Confidence Interval for

(1) Stride (J) Stride Mean Difference | Std. Difference’

Frequency Frequency (1-J) Error | Sig.? | Lower Bound Upper Bound

1 2 .015( .012| .233 -.011 .041
3 .022( .011| .066 -.002 .046
4 0417 .011] .004 .016 .065

2 1 -.015( .012| .233 -.041 .011
3 .007| .011| .513 -.017 .032
4 .026| .012]| .066 -.002 .053

3 1 -.022 .011| .066 -.046 .002
2 -.007| .011| .513 -.032 .017
4 .018| .015] .262 -.016 .052

4 1 -041°[ .011| .004 -.065 -.016
2 -.026| .012| .066 -.053 .002
3 -.018| .015| .262 -.052 .016
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Contact Time Pairwise Comparisons

Measure:MEASURE 1

95% Confidence Interval for
Mean Difference’

Difference (I- Upper

(I) StanceTime (J) StanceTime J) Std. Error Sig.’ Lower Bound Bound
1 2 .002 .002 403 -.003 .006
3 2.597E-5 .002 .988 -.004 .004
4 -.013 .003 .001 -.019 -.007
2 1 -.002 .002 403 -.006 .003
3 -.002 .002 461 -.006 .003
4 -.015 .002 .000 -.020 -.009
3 1 -2.597E-5 .002 .988 -.004 .004
2 .002 .002 461 -.003 .006
4 -.013 .004 .005 -.021 -.005
4 1 013’ .003 .001 .007 .019
2 015’ .002 .000 .009 .020
3 013’ .004 .005 .005 .021

Based on estimated marginal means

a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).

*. The mean difference is significant at the .05 level.
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